the present paper, the nonautonomous two-species Lotka-Volterra competition models are considered, where all the parameters are time-dependent and asymptotically approach periodic functions, respectively. Under some conditions, it is shown that any positive solutions of the models asymptotically approach the unique strictly positive periodic solution of the corresponding periodic system.
INTRODUCTION
We consider the nonautonomous system of differential equations where the functions hi(t), aij(t) (i,j = 1,2) are continuous and bounded above and below by positive constants on the half infinite interval 0 5 t < +oo. This system models the competition between two species in a time-dependent environment. In the case when (1.1) is autonomous, i.e., when the functions hi(t), aij(t) are positive constants bi, aij (i,j = 1,2), respectively, it has long been known that the conditions (See, for example, [l] ).
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In [2] , K. Gopalsamy gave a partial extension of this result to the nonautonomous periodic case. To state Gopalsamy's result, we introduce the following notations: Given a function f(t), which is bounded above and below by positive constants for 0 5 t < fco, we set fM = "YP f(t), fL = i;f f(t).
In [2] , Gopalsamy let the growth rates bl(t) and bz(t) be continuous, positive and T-periodic functions and aij(t) be positive constants aij (i,j = 1,2), respectively. As an application of a theorem of Krasnoselskii concerning strictly monotone and strictly convex operators in cones, he showed that the conditions a&?'
imply the existence of a T-periodic solution of (l.l), which remains in a certain open rectangle in the first quadrant of the 5, y-plane and attracts all solutions of (1.1) that start in this rectangle.
In [3] and [4] , 't 1 was assumed that all parameters hi(t), aij(t) (i, j = 1,2) were continuous, positive and T-periodic functions. Using differential inequalities and topological degree, respectively, S. Ahmad in [3] and C. Alvarez and A.C. Lazer in [4] showed that if the conditions (1.2) hold, then the system (1 .l) has a unique T-periodic solution col(zo(t), ye(t)) with all components positive, and this solution is asymptotically stable and attracts all solutions whose components have positive initial values. Moreover, they established upper and lower bounds for the components of the unique T-periodic solution col(so(t), ye(t)) with positive components as following:
Incidentally, we point out that by Massera's theorem (see [5] ), we can show that the conditions (1.2) imply the existence of T-periodic solution of (1.1).
In [6] , Freedman et al. studied the asymptotic behavior of single-species model
where k(t) is asymptotic to a periodic function k(t) and g(x, k(t)) satisfies some hypotheses under which there is a globally attracting periodic solution in (1.3).
In this paper, we use comparison theorem and standard theorems concerning continuity of solutions of differential equations with respect to initial conditions and parameters to prove that if the parameters hi(t), aij(t) are asymptotic to periodic functions &(t),&j(t) (i,j = 1,2), respectively, and if in addition bf -EO > a% + EO bk -~~ a2": f&0 by t&g
for a certain sufficiently small EO > 0, there exists a globally attracting periodic solution in (1.1).
Furthermore, using the method of the present paper, it is easy to show that the similar conclusion holds for the time-dependent n-species Lot&-Volterra cooperative systems. It is easy to verify that "J' is an equivalent relation. In the next section, we prove the main result of this paper, namely the following theorem. 
A corollary of this theorem is that there exists a globally attracting positive T-periodic solution in (1.1).
PROOF
To prove the theorem above stated, we need a series of lemmas. 
PROOF.
Since
y(t) = y(O) exp (I' [b(s) -w(s) 4s) -a&s) y(s)] ds) ,
the assertion of the Lemma immediately follows for all t E (0, +co) and the proof is complete.
Let us consider the following two systems:
where ri(t),si(t),rij(t),sij(t) (i, j = 1,2) are continuous and bounded above and below by positive constants on the half infinite interval [0, +oo).
LEMMA 2. (Comparison Theorem). Suppose that col(Ul(t),uLlp(t)) and col(vl(t),v2(t))
are solutions of (3.1) and (3.2), respectively, satisfying Ui(te) = vi(te) > 0 (i = 1,2). If for all 0 < to < t < +oo, there exist inequalities n(t) > s1(t), rij(t) < sij(t), This contradiction shows that case (a) is impossible. In the same way, (b) also leads to a contradiction. This shows that w(t) > m(t) and m(t) < e(t),
The proof is complete.
Assume that bi N & and aij -a, (i, j = 1,2). Th en, for any E E (~,Eo], there exists t, > 0 such that

Ibi(t) -&(t)I < E and laij(t) -2&(t)\ < E (3.4)
for all t > t,. We construct the following two systems:
f = s[(&(t) -E) -(all(t) fE)2 -(&2(t)+E)y],
B = Y[G2@) + E) -@21(t) -E) 5 -@22(t) -E) Y]; (3.5) and f = x$&(t) + E) -(i&(t) -E)2 -(&z(t) -E) y], jl = Y[$2@) -E) -@21(t) + E) 2 -@22(t) + E) Y/1. (3.6)
From Lemma 2 and inequalities (3.4), we have the following lemma.
LEMMA 3. Suppose that col(z-&(t), y"(t))
and col(z'(t), y-"(t)) are solutions of (3.5) and (3.6), respectively, satisfying
Then z-"(t) < z(t) < z"(t), y-"(t) < y(t) < y"(t). (3.7) for all t > t,, where col(s(t), y(t)) is the solution of (1.1) satisfying z(tE) = z-'(te) = x"(&) > 0 and y(&) = y"(&) = ye'(&) > 0.
PROOF. Inequalities (3.4) lead to Z+(t) -& < hi(t) <Xi(t) + E, I;ij(t) -& < &j(t) < Zij(t) + &
for all t 2 t,, which imply that compared with (l.l), respectively, (3.5) and (3.6) satisfy the conditions described in Lemma 2. So from Lemma 2, inequalities (3.7) hold immediately. The proof is complete. 
PROOF. Since (3.10) ==+ (3.8), (3.13) and (3.12) + (3.9)?_(3.11), we only need to prove (3.10) and (3.12). From inequalities (3.4) and the periodicity of bi and irij (i,j = 1,2), for all t > t,, there exist b,(t)-~<~~(t)<bl(t)+~,
bz(t) -E < b2(t) < bz(t) + E, h2(t) -t < &2(t) < al2(t) + E, a22(t) -E < z22(t) < a22(t) + 6
as results of which, we have (3.14)
Now, for all 0 < E 5 ~1 = &o/2, (3.14) and (1.4) result in
Consequently, (3.10) holds for all 0 < E I E 1. Similarly, (3.12) also holds for all 0 < E _< ~1. By previous remarks, the Lemma is proved.
Therefore, as an application of the results obtained in [3] and [4] , we have the following lemma.
LEMMA 5.
Under the conditions (1.4), there exist positive T-periodic solutions col(Z(t), g(t)), col(u+(t), v"(t)) and col(u"(t), v-"(t)) of (2.1), (3.5) and (3.6), respectively, which axe all globally asymptotically stable. Moreover,
q%g -q2q f T-1 I z(t) I T2 E _L _M _
a11022 -iif2ag '
where Se zz 2
7-E =
Sl
--E = --E s2 = 0 < r;" I uME(t) < rTE, 0 < sf 5 v"(t) 5 s;, 0 < rE <21'(t) < rf, 0 < SF" 5 u-'(t) I s;E From the expressions of r:" and sfE(i = 1,2), we have the following lemma. Before proving the main result stated in Section 2, we give the last lemma.
LEMMA 7. Suppose that col(S(t), y(t)), col(~F(t), v"(t)) and col(u&(t),V?(t)) are the positive T-periodic solutions described in Lemma 5. If we denote them by I?, II'_+ and Ta, respectively then for all n > 0, there exists CY > 0 such that T-C c 0 (I', 7) and Te c 0 (T, n) (the v-neighborhood of I') for all 0 < E < a, in notations col(~+, u&) k col(Z, 3 and col(zC, wbE) k col(S, 3.
REMARK. Because of the continuity of solutions of differential equations with respect to initial conditions and parameters (see, for example [7] ), it follows that col(~-~,y~) A col(E,$ and CO~(U~,ZI-~) 5 col(ZE, 
Without loss of generality, we can assume that t, = 0, namely that
In fact, if we denote col(iieE(t), P(t)) = col(uP(t -tE), v"(t -tC))
, then col(G+(t), P(t)) is also the unique T-periodic solution of (3.5) and Let col(u(t), w(t)) d enote the solution of (2.1) having the initial value col(u(O), v(0)). Continuous dependence on initial conditions and parameters for (3.5) leads to
~~_mocol(U-"~ (t), w"(t)) = col(u(t), w(t)).
Col(u-(t), wcj (t)) is T-periodic; so is col(v(t), w(t)). But under (1.4), there exists a unique T-periodic solution of (2.1). Consequently, col('LL(t), w(t)) = coWt), i?(t)), This is a contradiction. Therefore, (3.15) holds. By previous remark, the proof of Lemma 7 is complete.
Now, let us show the main result of this paper.
PROOF OF THEOREM.
Let col(z(t),y(t)) b e a "fixed" positive solution of (1.1). After constructing systems (3.5) and (3.6), from Lemma 7, for all n > 0, 3~3 : 0 < ~3 5 ~2 5 61 = 60/2 such that
Id"(t) -qt)l < 7 and Iw6'(t) -c(t)1 < 77, forO<s<e3, where 6 = 1 or 6 = -1. Pick any 0 < E < ~3. Since bi -&,aij -&j (i,j = 1,2), there exists t2 > 0 such that Ibi(t) y&(t)\ < E, laij(t) -;iij(t)( < E, for all t 2 t2.
Let col(zFE(t), y'(t)) and col(zb(t), y-'(t)) be the solutions of (3.5) and (3.6), respectively, sat- and the proof is complete.
Hence, although there do not exist positive periodic solutions of such a model (1.1) satisfying (1.4), any positive solutions of (1.1) asymptotically approach a strictly positive periodic solution of the corresponding periodic system.
